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Most schizophrenia patients experience psychotic relapses, which may

compromise long-term outcome. However, it is difficult to objectively assess

the actual risk of relapse for each patient as the biological changes underlying

relapse remain unknown. The present study used magnetic resonance

imaging (MRI) to investigate the relationship between brain gyrification pattern

and subsequent relapse in patients with first-episode schizophrenia. The

subjects consisted of 19 patients with and 33 patients without relapse during

a 3-year clinical follow-up after baseline MRI scanning. Using FreeSurfer

software, we compared the local gyrification index (LGI) between the relapsed

and non-relapsed groups. In the relapsed group, we also explored the

relationship among LGI and the number of relapses and time to first relapse

after MRI scanning. Relapsed patients exhibited a significantly higher LGI in

the bilateral parietal and left occipital areas than non-relapsed patients. In

addition, the time to first relapse was negatively correlated with LGI in the

right inferior temporal cortex. These findings suggest that increased LGI in

the temporo-parieto-occipital regions in first-episode schizophrenia patients

may be a potential prognostic biomarker that reflects relapse susceptibility in

the early course of the illness.

KEYWORDS

gyrification, local gyrification index, relapse, first-episode schizophrenia, prognostic
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Introduction

Over 80% of patients with schizophrenia experience a relapse within 5 years of
their first episode of psychosis (1) and the cumulative effect of relapse can result in
exacerbation of psychotic symptoms, antipsychotic treatment resistance, and functional
decline (2, 3). Effective relapse prevention contributes to better long-term prognosis
of schizophrenia (4). Whereas maintenance treatment with antipsychotic drugs can
significantly reduce relapse rates in patients with schizophrenia (5), there is a subgroup
of schizophrenia patients who may only suffer a single psychotic episode and may not
need maintenance antipsychotic medication (6). Evidence for antipsychotic treatment
may drive the need to identify predictors of subsequent relapse in the course of
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schizophrenia (7). It has been reported that several clinical
features, such as long duration of untreated psychosis (DUP),
poor premorbid functioning, and severe negative symptoms, are
associated with higher risk of relapse in schizophrenia (1, 8);
however, objective biomarkers of relapse susceptibility have not
been well documented.

Schizophrenia patients likely exhibit diverse brain structural
changes even at their first episode (9), which may be associated
with clinical features such as long-term outcome (10). As
treatment response and relapse susceptibility may partially be
defined by the initial period of schizophrenia (11, 12), through
a neurodevelopmental pathology (13), brain morphological
abnormalities closely related to early neurodevelopment (14)
may partly be predictive of subsequent clinical course. As brain
gyrification is mostly formed during fetal life and remains
relatively stable after early childhood (15, 16), its anomalous
patterns implicate pre- and perinatal neurodevelopmental
insults (17–19). Previous magnetic resonance imaging (MRI)
studies of brain gyrification have generally demonstrated
increased gyrification index (GI) of widespread cortical areas
in first-episode schizophrenia [reviewed by Matsuda and Ohi
(20); Sasabayashi et al. (21)]. Furthermore, previous studies
have revealed an association between altered gyral patterns
in early psychosis (including the prodromal phase) and later
psychosis onset (22, 23) or antipsychotic treatment response
(24). Taken together, deviated gyral patterns observed in early
stages of schizophrenia may be a potential biomarker for disease
prognosis including subsequent relapses.

In the present study, we aimed to compare the gyrification
pattern of the entire cortex between first-episode schizophrenia
patients with and without relapse in the early course. We
also explored the relationship among gyral characteristics and
clinical variables including quantitative indicators for relapse.
Based on previous findings in patients with schizophrenia that
showed GI differences between treatment responders and non-
responders (24), we predicted that relapsed and non-relapsed
patients would differ in GI and that baseline GI changes in
relapsed patients would be related to time to subsequent relapse.

Materials and methods

Study participants

Fifty-two patients with first-episode schizophrenia
were recruited from inpatient and outpatient clinics of the
Department of Neuropsychiatry at Toyama University Hospital.
All participants were also included in our previous study
that conducted group comparisons of the gyrification pattern
between first-episode schizophrenia patients and healthy
controls (25).

Based on a structured clinical interview by trained
psychiatrists using the Comprehensive Assessment of

Symptoms and History (26), each participant fulfilled the
ICD-10 research criteria (27). Schizophrenia patients who
experienced their illness onset within 1 year (n = 41) (28) or
on their first psychiatric hospitalization (n = 11, duration of
illness 5 41 months) were defined as first-episode patients.
Their clinical symptoms were assessed using the Scale for the
Assessment of Negative Symptoms (SANS) (29) and the Scale
for the Assessment of Positive Symptoms (SAPS) (30) at the
time of baseline scanning (n = 49) as well as follow-up (mean
follow-up period of 2.7 years) (n = 14). At baseline, 50 of the
52 patients were receiving antipsychotics, one patient was
antipsychotic-free at scanning but had a history of antipsychotic
medication, and one patient was antipsychotic-naïve. Different
typical and atypical antipsychotic dosages were converted
into haloperidol equivalents using the guideline by Toru (31).
Duration of untreated psychosis was defined as the duration
from the illness onset to the initiation of antipsychotic treatment
(32).

All participants were physically healthy and right-handed.
Trained neuroradiologists screened their MRI scans for gross
brain abnormalities. None of participants had a lifetime history
of serious head injury, seizure, neurological disease, substance
abuse, electroconvulsive therapy, or other medical conditions
that influence mental condition such as steroid use, thyroid
dysfunction, diabetes, or hypertension. The present study was
approved by the Committee on Medical Ethics of the University
of Toyama (No. I2013006). In accordance with the Declaration
of Helsinki, written informed consent was obtained from
all participants.

Assessment of relapse

With reference to the criteria of Csernansky et al. (33),
relapse was defined as a case of psychiatric hospitalization for
worsening symptoms and/or for suicidal/homicidal ideation,
deliberate self-injury, or violent behavior resulting in injury to
another person or property damage that was judged clinically
significant. All schizophrenia patients were clinically followed
up for 3 years after MRI scanning and then divided into 19
patients who experienced relapse (Relapse) and 33 patients
who remained relapse-free during the clinical follow-up (Non-
relapse) based on clinical information from an electronic
medical record system.

Image acquisition and processing

All participants were scanned using a 1.5-T Magnetom
Vision scanner (Siemens Medical System, Erlangen, Germany)
with 3-D gradient-echo sequence fast low-angle shots (FLASH)
yielding 160–180 contiguous T1-weighted sagittal slices of 1-
mm thickness. Imaging parameters were as follows: repetition
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time = 24 ms; echo time = 5 ms; flip angle = 40◦; field of
view = 256 mm; matrix size = 256 × 256 pixels; and voxel
size = 1.0 × 1.0 × 1.0 mm.

Using the FreeSurfer Software Suite (ver. 5.3.),1 the T1-
weighted images were preprocessed by the FreeSurfer’s standard
auto-reconstruction algorithm, which was involved in non-
uniform intensity normalization, removal of non-brain tissue,
affine registration to the Montreal Neurological Institute space,
Talairach transformation, and segmentation of gray/white
matter tissue (34). One trained researcher (D.S.), who was blind
to the subjects’ identities, visually inspected each reconstructed
image and manually corrected any segmentation errors.

The gyrification pattern of the entire cortex was indexed
by the vertex-wise local gyrification index (LGI) value, which
is a three-dimensional extension of classical two-dimensional
GI measurement (35). Based on the method of Schaer et al.
(36), we generated approximately 800 regions of interest (ROI;
radius = 25 mm), which partly overlapped with each other and
covered whole cortical areas, and computed the area ratio of
the outer contour and the corresponding inner (pial) contour
in each spherical ROI.

Statistical analysis

Demographic differences between the two groups (Relapse
vs. Non-relapse) were evaluated with a one-way analysis of
variance or χ2-test.

We mapped each vertex-wise LGI value onto a common
spherical coordinate system (fsaverage), which were smoothed
with a 0-mm Gaussian kernel according to FreeSurfer Support
recommendation.2 Using the Query Design Estimate Contrast
application embedded in the FreeSurfer program, a general
linear model controlling for age and sex was adapted to estimate
the group differences of the LGI value at each vertex. Among
the Relapse group, vertex-by-vertex LGI correlation analyses
with relapse index, including numbers of relapse and duration
between scanning and first relapse, were estimated using a
general linear model controlling for age and sex. For both
models, we also performed supplementary analyses that added
medication dose and duration of medication as covariates.
A Monte Carlo simulation embedded in the Analysis of
Functional NeuroImages’ AlphaSim program (NIMH, Bethesda,
MD, United States) was used to perform multiple comparisons
(37). A total of 10,000 iterations of simulation were run for each
comparison with a threshold of two-tailed p < 0.05 to define
statistically significant clusters.

Furthermore, single regression analyses were performed
to determine whether DUP was associated with altered
gyral patterns especially in relapsed patients. Average
LGI values in three clusters, where we found significant

1 https://surfer.nmr.mgh.harvard.edu

2 https://surfer.nmr.mgh.harvard.edu/fswiki/FreeSurferSupport

differences between Relapse and Non-Relapse groups,
were used as the dependent variables, with DUP as the
independent variable. The statistical significance level was set
at 0.05 as well.

Results

Demographic background at baseline

The Relapse and Non-relapse groups did not differ
significantly in age, sex, education, parental education, age at
onset, duration of illness, and DUP. Total SAPS/SANS scores
at the time of baseline scanning, daily dosage, and duration
of antipsychotic medication were also comparable between
the groups. The relapsed group tended to show higher Total
SAPS/SANS scores at the time of follow-up than the Non-
relapse group (Table 1).

Group comparison of local gyrification
index

The Relapse group exhibited a significantly higher LGI in
the bilateral precuneus cortices, bilateral isthmus cingulate gyri,
left superior parietal cortex, left cuneus cortex, left pericalcarine
cortex, and left lingual gyrus (Figure 1 and Table 2). There
were no cortical areas where the Relapse group exhibited a
significantly lower LGI than the Non-relapse group.

When we added medication dose and duration of
medication as covariates, significant clusters were detected
in broader regions than in the original analyses for LGI group
comparison (Supplementary Figure 1).

Relationship among local gyrification
index and clinical variables

In the Relapse group (n = 19), the duration between
scanning and first relapse was negatively correlated with LGI
in the right inferior temporal gyrus and right fusiform gyrus;
on the other hand, the number of relapses was not correlated
with LGI in any region (Figure 2 and Table 3). When we also
included medication dose and duration as controlling factors,
significant clusters were similar to the original correlational
results (Supplementary Figure 2).

Single regression analysis

The results of analysis of variance for model fit were not
significant. The LGI values of any clusters were not associated
with DUP (Supplementary Table 1).
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TABLE 1 Demographic characteristics of study participants.

Relapse Non-relapse Test statistics P-value

(n = 19) (n = 33)

Sex, male/female (n) 14/5 18/15 Chi-square = 1.87 0.172

Age (years) 23.7 ± 5.6 24.3 ± 4.4 F(1, 51) = 0.17 0.684

Height (cm) 166.2 ± 6.9 165.1 ± 8.0 F(1, 51) = 0.28 0.603

Education (years) 12.9 ± 1.9 13.9 ± 2.1 F(1, 51) = 3.30 0.075

Parental education (years) 12.8 ± 2.0 13.1 ± 2.1 F(1, 51) = 0.29 0.596

Age at onset (years) 22.8 ± 5.9 23.6 ± 4.4 F(1, 51) = 0.33 0.569

Duration of illness (months) 10.4 ± 11.6 9.1 ± 8.3 F(1, 51) = 0.20 0.658

Medication type (atypical/typical/mixed) 6/11/1 (n = 18) 9/23/0 (n = 32) Chi-square = 2.08 0.354

Medication dose (haloperidol equivalent, mg/day)a 13.7 ± 11.8 (n = 18) 9.6 ± 6.9 (n = 32) F(1, 49) = 2.49 0.121

Duration of medication (months) 8.6 ± 12.6 (n = 18) 8.4 ± 12.4 (n = 33) F(1, 50) = 0.001 0.970

SAPS total at baseline scanningb 26.3 ± 21.5 (n = 18) 29.2 ± 23.8 (n = 32) F(1, 49) = 0.19 0.663

SANS total at baseline scanningb 50.2 ± 23.2 (n = 18) 52.8 ± 27.3 (n = 32) F(1, 49) = 0.12 0.729

SAPS total at follow-upc 31.6 ± 18.0 (n = 5) 15.7 ± 17.9 (n = 9) F(1, 13) = 2.55 0.136

SANS total at follow-upc 52.4 ± 31.0 (n = 5) 27.1 ± 17.4 (n = 9) F(1, 13) = 3.94 0.071

Numbers of relapse (n)d 1.1 ± 0.3

Duration between scanning and first relapse (years)d 1.7 ± 0.7

Duration of untreated psychosis (months)e 4.4 ± 5.2 (n = 18) 2.3 ± 3.1 (n = 33) F(1, 50) = 3.08 0.086

Intracranial volume (ml) 1552.9 ± 155.4 1512.3 ± 144.7 F(1, 51) = 0.90 0.347f

Non-relapse, schizophrenia patients who remained relapse-free during the follow-up; Relapse, schizophrenia patients who experienced relapse during the follow-up; SANS, Scale for the
Assessment of Negative Symptoms; SAPS, Scale for the Assessment of Positive Symptoms.
Values represent the mean ± SD unless otherwise stated.
aDifferent typical and atypical antipsychotic dosages were converted into haloperidol equivalents using the guideline by Toru (71).
bData missing for two subjects.
cData acquiring from fourteen subjects.
dNineteen patients experienced relapses within 3 years after their first-episode of psychosis.
eDefined as the duration from the illness onset to the initiation of antipsychotic treatment (72). DUP was undetermined for one antipsychotic-naïve patient at the time of scanning.
fAge was used as a covariate.

TABLE 2 Clusters with significant group differences in local gyrification index.

Cluster no. Cluster size (mm2) Cluster-wise
p (corrected)

MNI coordinates Annotation

x y z

Relapse > Non-relapse

1 4022.36 0.0001 –14.1 –63.6 4.2 Left precuneus and cuneus cortex, isthmus cingulate gyrus,
pericalcarine cortex, and lingual gyrus

2 707.23 0.0161 –18.8 –50.4 57.3 Left superior parietal lobule

3 646.85 0.0328 4.6 –40.6 27.4 Right precuneus cortex, posterior and isthmus cingulate gyrus

Non-relapse, schizophrenia patients who remained relapse-free during the follow-up; Relapse, schizophrenia patients who experienced relapse during the follow-up.

Discussion

To the best of our knowledge, this is the first MRI
study to demonstrate a significant relationship between the
brain gyrification pattern in first-episode schizophrenia and
subsequent relapse. The Relapse group exhibited a significantly
higher LGI in the bilateral parietal and left occipital areas
compared with the Non-relapse group, suggesting that the
two schizophrenia subgroups had distinct neurodevelopmental

anomalies. In the Relapse group, the higher LGI in the right
inferior temporal cortex at baseline was significantly associated
with earlier relapse during clinical follow-up. This suggests that
the degree of LGI changes in the temporo-parieto-occipital
regions may be related to relapse susceptibility in first-
episode schizophrenia.

In the present study, we demonstrated that the parietal
and occipital LGIs were higher in the Relapse group,
possibly reflecting the neurobiological heterogeneity of
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FIGURE 1

Cortical statistical maps displaying the comparison of local gyrification index between relapsed and non-relapsed patients with schizophrenia.
The maps are shown for the right and left hemispheres in lateral (upper) and medial (bottom) views. Horizontal bar shows p-values (p < 0.05,
corrected).

schizophrenia (38). Cortical distribution of LGI increase in
the present Relapse group was similar to that observed in
previous studies of schizophrenia (25, 39–42) and clinical
high-risk individuals with later transition to psychotic disorders
(22), suggesting that the underpinnings of susceptibility to
relapses may be associated with the mechanisms of psychosis
itself (43). Because increased LGI implicates altered structural
connectivity (44–46), our results are partly consistent with
previous findings that schizophrenia patients with treatment
resistance, which could be closely related to the likelihood
of relapse (47, 48), exhibited white matter integrity deficits
in multiple tracts connecting widespread cortical areas
including parietal and occipital areas (49–51). In contrast,
our gyrification finding was incongruent with the previous
study by Palaniyappan et al. (24) that reported a reduced
fronto-temporal LGI in schizophrenia patients with poor
treatment response. The reason for this discrepancy was
unspecified, but different sample characteristics between
the studies may be partly relevant as Palaniyappan et al.
(24) examined older (mean = 28.1 years, SD = 7.9) and
more heterogeneous (both affective and non-affective

psychosis) patients compared to the present study. Of note,
dysconnectivity of the default mode network, which includes
precuneus and lateral parietal cortices as nodes, has been
reported to imply disturbed self-referential and integrative
processes (52, 53). Therefore, difficulties in controlling positive
symptoms, including ego disorder, may lead to treatment
resistance (54, 55). Future novel system-level analyses, such
as connectome analyses (56), will be necessary to clarify the
pathological role of parieto-occipital gyrification changes in
first-episode schizophrenia.

The present study indicated that increased LGI in the
inferior part of right temporal lobe may contribute to triggering
an earlier psychotic relapse. A previous study reported
that higher dopamine synthesis capacity was related to a
shorter time to relapse in first-episode psychosis (7), but no
brain morphological features are known to predict the time
to relapse in schizophrenia. On the other hand, previous
studies have demonstrated that the gyrification pattern of
the right temporal cortex, including inferior temporal and
fusiform gyri in first-episode schizophrenia, may contribute to
susceptibility of positive psychotic symptomatology (25, 57). In
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FIGURE 2

Cortical statistical maps displaying the significant correlation of local gyrification index with clinical variables in patients with schizophrenia. The
maps are shown for the right and left hemispheres in lateral and medial views. An arrowhead in the figure indicates the location of clusters
associated with time to relapse. Horizontal bar shows p-values (p < 0.05, corrected).

TABLE 3 Clusters with significant correlation of local gyrification index with clinical variables.

Cluster no. Cluster size (mm2) Cluster-wise
p (corrected)

MNI coordinates Annotation

x y z

Local gyrification index × duration between scanning and relapse

1 1125.22 0.0009 44.4 –10.7 –33.0 Right inferior temporal gyrus, fusiform gyrus

particular, abnormal connectivity of the inferior longitudinal
fasciculus, which is responsible for face recognition (58) and
semantic processing (59), may be involved in vulnerability
to delusion formation (60). Thus, brain neurodevelopmental
pathologies involved in the formation of psychotic symptoms
may be involved in early relapse after the first episode
of schizophrenia.

Identifying neurobiological predictors of later psychotic
relapses would pave the way for precision medicine that could
be useful for one third of schizophrenia patients that are
not benefiting from the current treatment strategies (4, 6).
Based on stratification using biomarkers of relapse, patients

at lower risk of relapse can be treated with no or low-dose
antipsychotic treatment, whereas early initiation of clozapine
may be considered for patients at higher risk of relapse (4, 61,
62). While a previous positron emission tomography study by
Kim et al. (7) successfully reported that dynamic changes in
striatal dopamine synthesis capacity could distinguish a Relapse
group from a Non-relapse group as a state-specific marker, our
study suggested the role of trait-specific brain characteristics
(gyrification pattern) as a marker of relapse susceptibility. Our
results may have future clinical implications, as the creation of
a highly accurate prognostic discriminator using multimodal
measures, especially including trait-specific markers, may lead
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to better outcomes by providing optimal treatment for each
patient (12, 63).

This study had several limitations. First, most schizophrenia
patients included in the present study were taking antipsychotics
at scanning, which may have an effect on brain structure
(64). However, as shown in the supplementary analyses
(Supplementary Figures 1, 2), our finding of deviated
gyrification patterns and their relation to relapse in
schizophrenia could not be explained only by effect of
medication. Second, while the clinical follow-up period in
this study (3 years) was longer than conventional treatment
response studies (3–24 weeks) (65–67), further long-term
follow-up would be required to establish the role of brain
gyrification as a predictor of clinical course of schizophrenia.
Third, the relapse rate in our sample (36.5%) was lower than
that in previous studies (e.g., 63.1% within 3 years) (1) possibly
due to our successful clinical management, suggesting that
relapsed patients in our cohort may not represent the full
spectrum of relapsed patients. Fourth, the sample size of our
cohort (especially relapsed patients) was relatively small and
the statistical analysis for 800 ROIs required a high number of
tests. The reproducibility and generality of the findings should
be tested in more larger cohorts with appropriate multiple
comparison correction for future clinical application. In this
study, we failed to detect significant relationship between DUP,
which was somewhat longer in relapsed than in non-relapsed
patients (Table 1), and brain gyrification. Because longer
DUP due to insidious illness onset, which could be related to
prominent neurodevelopmental pathology (68), significantly
affects later clinical course of schizophrenia (1, 8), future studies
in larger cohorts are needed also for clarifying whether DUP
is associated with relapse and/or brain morphology. Fifth, we
did not control for some potential confounding factors, such
as smoke, coffee/tea intake, and time of day for MRI scanning
(69). Lastly, the definition of relapse has been inconsistent
among previous studies (70); however, the definition in this
study has been commonly used in other biological studies
(71, 72). In addition, we have not objectively defined the
clinical stability after their first episode as the starting point
for a follow-up assessment of relapse. Furthermore, the causal
relationship between relapse and other biological/clinical factors
is somewhat complicated (12). Therefore, the role of potential
influential factors, such as the treatment during follow-up,
adherence to medication, and several environmental factors, on
the present findings should be further examined.

Conclusion

In conclusion, this whole-brain LGI study of first-episode
schizophrenia elucidated that patients who later relapsed

and those who did not relapse had distinct gyrification
patterns already at illness onset, and that the anomalous
gyrification patterns in relapsed patients were related to
the time to first relapse. Increased LGI in the temporo-
parieto-occipital regions in first-episode schizophrenia
patients may be a potential susceptibility marker for
subsequent relapses.
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